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(54) Palladium ceria supported catalyst and process for the synthesis of methanol 

(57) An object of the present invention is to offer a 
catalyst for the hydrogenation which is suitable for the 
synthesis of methanol from CO and/or C0 2 under the 
condition of low temperature and low pressure. In the 
said catalyst, Pd having a particle size of 5 nm or less is 
carried on a cerium type oxide (CeOa) whereby metha- 
nol is synthesized by the reaction of CO and/or C0 2 
with hydrogen. The said catalyst for the hydrogenation 
can be manufactured by a method where the catalyst is 
manufactured from a coprecipitate of a precursor of 
cerium type oxide and palladium and a method where 
palladium is separated in a cerium type oxide. 
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Description 

Background of the Invention 

[0001 ] The present invention relates to a catalyst for 5 
hydrogenation of carbon monoxide and/or carbon diox- 
ide and also to a method for the synthesis of methanol 
from carbon monoxide and/or carbon dioxide using the 
hydrogenating catalyst. 

[0002] Synthesis of methanol from synthetic gas 10 
was industrialized in 1923 in Germany by means of a 
gas phase reaction process using a zinc-chromium cat- 
alyst under the reaction condition of 200 atmospheres 
and 400 °C. In 1959, a copper-zinc catalyst (CuO-ZnO) 
was developed in England and, in 1966, synthesis of is 
methanol under the condition of reaction pressure of 50 
atmospheres was industrialized. 
[0003] After that, improvements in the copper-zinc 
catalyst and the reaction process have made a progress 
and, at present operation is carried out under the reac- 20 
tion condition of 50-100 atmospheres and not higher 
than 300 °C. Particularly for increasing the methanol 
concentration at the outiet of the reaction and for mak- 
ing the costs for equipment and operation advanta- 
geous, reaction pressure of 80-100 atmospheres is 25 
most preferred. However, in order to keep such a high 
reaction pressure, motive power for increasing the pres- 
sure is necessary and there is a problem that the cost 
therefor is high. 

[0004] Therefore, in reducing the operation cost, bo 
the reaction is to be carried out at lower pressure but. in 
case the reaction pressure is 20 atmospheres for exam- 
ple, when an operation is carried out using a starting 
gas consisting of 33% by volume of carbon monoxide 
and 67% by volume of hydrogen, the equilibrium con- 35 
version rate of methanol is only 21% at the reaction 
temperature of 250 °C and that is not practical while, at 
the reaction temperature of 200 °C, the equilibrium con- 
version rate is 60% but, since the catalytic activity is not 
sufficient, quite a large amount of catalyst is necessary 40 
and that is not practical as well. Accordingly, in the prior 
art, it has not been possible to make the reaction pres- 
sure lower than 50 atmospheres. 
[0005] With regard to a catalyst other than the cop- 
per-zinc catalyst for the synthesis of methanol, it has 45 
been reported that a palladium catalyst prepared by 
means of an impregnation method using a rare earth 
metal oxide as a carrier is active for the synthesis of 
methanol (Journal of the Chemical Society, Chemical 
Communications, 1982, no.12, page 645). However it so 
has a disadvantage that the reactivity is low and, in 
addition, it exhibits a low selectivity of methanol 
because methane is by-produced. 
[0006] As such, the catalysts for the synthesis of 
methanol up to now have no sufficient reactivity at the 55 
reaction temperature of around 200 °C and, therefore, 
they are unable to lower the reaction pressure. 



Summary of the Invention 

[0007] An object of the present invention is to offer 
a catalyst for hydrogenation of carbon monoxide and/or 
carbon dioxide having a high activity (especially the 
activity at low temperature) and particularly having a 
selectivity to methanol or, in other words, to offer a cat- 
alyst for the synthesis of methanol and also to offer a 
method for the synthesis of methanol having a high 
reaction efficiency. 

[0008] The present inventors have carried out vari- 
ous experiments and studies for such an object and 
have found that, in a catalyst where palladium is carried 
on a metal oxide type carrier including cerium type 
oxide, dispersibility (particle size) of palladium affects 
the activity at low temperature and selectivity as the cat- 
alyst for hydrogenation and, when a catalyst having a 
high dispersibility of palladium is used for hydrogenation 
of carbon monoxide and/or carbon dioxide, high activity 
at low temperature and selectivity to methanol are 
achieved and that a catalyst having a high dispersibility 
of palladium can be prepared by a specific method, 
whereupon the present invention has been accom- 
plished. 

[0009] The present invention offers a catalyst for 
hydrogenation of carbon monoxide and/or carbon diox- 
ide, a catalyst for the synthesis of methanol, a method 
for the synthesis of methanol and, a method for the 
hydrogenation of carbon monoxide and/or carbon diox- 
ide which will be mentioned as follows. 
[0010] The catalyst for hydrogenation of carbon 
monoxide and/or carbon dioxide according to the 
present invention is that where palladium having a par- 
ticle size of 5 nm or less is carried on a metal oxide type 
carrier containing cerium type oxide. 
[001 1 ] The above catalyst for hydrogenation can be 
prepared as a coprecipitate of a precursor of a metal 
oxide type carrier containing cerium oxide type oxide 
(such as a hydroxide containing cerium) with palladium. 
[0012] The catalyst for hydrogenation can also be 
prepared by mixing a solution where a metal oxide type 
carrier containing cerium oxide type oxide is dispersed 
with a solution of palladium compound and an alkaline 
solution whereby palladium is separated as a hydroxide. 
Further, the said catalyst for hydrogenation may be in 
such a form that, if necessary, the palladium hydroxide 
is converted to an oxide by heating the said catalyst or 
that, if furthermore necessary, a reduction treatment is 
carried out whereby the palladium oxide is converted to 
palladium metal. 

[001 3] The above-mentioned catalyst for hydrogen- 
ation can be used as a catalyst for the synthesis of 
methanol from carbon monoxide and/or carbon dioxide. 
[0014] The method for the synthesis of methanol 
according to the present invention is that carbon monox- 
ide and/or carbon dioxide are/is made to react with 
hydrogen in the presence of any of the above-men- 
tioned catalysts for hydrogenation. 
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[0015] It is preferred that, usually, the above reac- 
tion is carried out in a gas phase preferably under 10- 
100 atmospheres and preferably at 150-300 °C. 

Detailed Description of the Preferred Embodiments s 

Catalyst for Hydrogenation (Catalyst for Synthesis Qf 
Methanol) 

[0016] The catalyst for hydrogenation according to 
the present invention is a catalyst (Pd/Ce0 2 type cata- 
lyst) where palladium is carried on a metal oxide type 
carrier containing cerium type oxide and can be used as 
a catalyst for the hydrogenation of carbon monoxide 
and/or carbon dioxide and also as a catalyst for the syn- 
thesis of methanol. 

[001 7] The metal oxide type carrier includes cerium 
type oxide, a mixture of two or more cerium type oxides, 
and a mixture of one or more cerium type oxide(s) and 
one or more metal oxide(s) other than the cerium type 
oxide. 

[001 8] The cerium type oxide includes cerium oxide 
(Ce0 2 ) and compounded oxides of cerium and of one or 
more metal(s) other than cerium. The metal oxide other 
than cerium type oxide includes an oxide of metal other 
than cerium and compounded oxides of two or more 
metals other than cerium. 

[001 9] Examples of the metal other than cerium are 
titanium, zirconium and iron. Examples of the metal 
oxide other than the cerium type oxide are Ti0 2 , Zr0 2 
and Fe2C>3. 

[0020] In preferred embodiments. 70% by weight or 
more, particularly 80% by weight or more, or still partic- 
ularly 90% by weight or more cerium type oxide is 
included and, as a cerium type oxide, a metal oxide type 
carrier containing 70% by weight or more, particularly 
80% by weight or more, or still particularly 90% by 
weight or more cerium oxide (CeCy is used. 
[0021] The catalyst for hydrogenation according to 
the present invention includes a catalyst where palla- 
dium is carried as palladium metal and a catalyst where 
palladium is carried as a palladium compound such as 
oxide or hydroxide. In a catalyst where palladium is car- 
ried as a palladium compound, activity as a catalyst for 
hydrogenation can be improved by converting the palla- 
dium compound into palladium metal. For example, 
when palladium hydroxide is heated at high temperature 
(such as 300-600 °C), it can be converted to palladium 
oxide and the palladium oxide can be converted to pal- 
ladium metal by means of reduction (such as reduction 
with hydrogen). 

[0022] The carrying amount of palladium in the cat- 
alyst for hydrogenation according to the present inven- 
tion in terms of Pd to the sum of palladium and the metal 
oxide type carrier is that examples of the lower limit are 
1% by weight or more, preferably 2% by weight or more, 
more preferably 5% by weight or more and, particularly 
preferably, 1 0% by weight or more while examples of the 



upper limit are 30% by weight or less, preferably 25% by 
weight or less and, more preferably, 20% by weight or 
less. When the carrying amount of palladium is too 
small, there is a tendency that the activity as a catalyst 
for hydrogenation is apt to be hardly expressed while, 
when it is too much, dispersibility of palladium lowers 
whereby the activity as the catalyst for hydrogenation 
may lower and. as a result, that is generally disadvanta- 
geous in economy. 

[0023] The catalyst for hydrogenation according to 
the present invention includes a highly dispersed 
Pd/Ce02 type catalyst, a copreciprtated Pd/Ce0 2 type 
catalyst and a separated Pd/Ce0 2 type catalyst which 
will be mentioned below. 

(1) Highly dispersed Pd/Ce0 2 type catalyst. 

[0024] The catalyst for hydrogenation according to 
the present invention includes a Pd/Ce0 2 catalyst 
where dispersibility of palladium is high or, to be more 
specific, a Pd/Ce0 2 catalyst (highly dispersed Pd/Ce0 2 
catalyst) where the particle size of palladium is 5 nm or 
less (preferably 4 nm or less and, more preferably. 3 nm 
or less). 

[0025] In the highly dispersed Pd/Ce0 2 type cata- 
lyst, activity as a catalyst for hydrogenation (particularly 
the activity at low temperature) is high and, moreover, 
selectivity to methanol is high whereby that is suitable 
as a catalyst for the synthesis of methanol. 
[0026] On the contrary, in a Pd/Ce0 2 type catalyst 
where dispersibility of palladium is low or particularly in 
the said catalyst where palladium is carried on silica, 
activity as a catalyst for hydrogenation (particularly the 
activity at low temperature) and selectivity to methanol 
are low. Although the reason therefor is ambiguous, it is 
likely that, in the highly dispersed Pd/Ce0 2 type cata- 
lyst, activity (particularly the activity at low temperature) 
as a catalyst for hydrogenation is enhanced due to an 
interaction of the metal oxide type carrier with palladium 
which is highly dispersed and carried thereon. 
[0027] With regard to dispersibility of palladium, the 
smaller the particle size, the better. Accordingly, it can 
be estimated, for example, from an X-ray diffraction pat- 
tern of the Pd/Ce0 2 type catalyst which is reduced with 
hydrogen. Palladium which is carried as a palladium 
compound (such as an oxide) is reduced to palladium 
metal by means of reduction with hydrogen. To be more 
specific, reduction with hydrogen is carried out by heat- 
ing the Pd/Ce0 2 type catalyst in a hydrogen gas atmos- 
phere at 300 °C for example. 

[0028] In the Pd/Ce0 2 type catalyst in which the 
particle size of palladium is 5 nm or less, a peak having 
a half band width of 1 .6° or more; that in which the par- 
ticle size of palladium is 4 nm or less, a peak having a 
half band width of 2.1° or more; and that in which the 
particle size of palladium is 3 nm or less, a peak having 
a half band width of 2.8° or more are observed at the 
area where the angle of X-ray diffraction (26) is near 
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40°. When the particle size is 2 nm or less, no peak is 
observed. On the other hand, when the particle size of 
palladium is more than 5 nm, a peak having a half band 
width of less than 1 .6° is observed in the Pd/Ceo2 type 
catalyst 

[0029] The highly dispersed Pd/Ce0 2 type catalyst 
may. for example, be manufactured by a method where 
the precursor of the metaJ oxide type carrier is coprecip- 
itated with palladium (a coprecipitation method) or by a 
method where palladium is separated in a metal oxide 
type carrier as a hydroxide (a separation method). 

(2) Coprecipitated Pd/Ce0 2 type catalyst. 

[0030] The catalyst for hydrogenation according to 
the present invention includes a Pd/Ce0 2 type catalyst 
(coprecipitated Pd/Ce0 2 type catalyst), preferably a 
highly dispersed Pd/Ce0 2 type catalyst, manufactured 
by a method where a precursor of a metal oxide type 
carrier containing cerium type oxide is coprecipitated 
with palladium (a coprecipitation method). 
[0031] For example, when the pH of a mixed solu- 
tion (starting solution) of palladium compound and 
metal compound containing cerium compound for form- 
ing a metal oxide type carrier is adjusted (usually to a 
higher side), the precursor of the metal oxide type car- 
rier can be coprecipitated with palladium. In that case, 
the precursor of the metal oxide type carrier is precipi- 
tated, for example, as a hydroxide containing cerium 
while palladium is precipitated as a hydroxide. 
[0032] With regard to a metal compound containing 
a cerium compound for forming the metal oxide type 
carrier, electrolytes such as acetate, nitrate, sulfate and 
chloride of metal including cerium, particularly a water- 
soluble metal compound, can be used. Examples of the 
metal other than cerium are titanium, zirconium and 
iron. 

[0033] With regard to the palladium compound, 
electrolytes such as acetate, nitrate, sulfate and chlo- 
ride of palladium, particularly a water-soluble palladium 
compound, may be used. 

[0034] With regard to the solvent, water may be 
used for example and, for dissolving the metal com- 
pound including cerium compound or the palladium 
compound, an acidic aqueous solution such as hydro- 
chloric acid, sulfuric acid and nitric acid may be used as 
well. 

[0035] The pH of the starting solution may be 
adjusted by, for example, mixing the starting solution 
with an alkaline solution. The starting solution and the 
alkaline solution may be mixed, for example, by adding 
the alkaline solution to the starting solution or by adding 
the starting solution to the alkaline solution which is 
diluted with a solvent. 

[0036] With regard to the alkaline solution, an aque- 
ous solution of alkaline metal hydroxide such as NaOH 
and KOH, an aqueous solution of alkaline metal carbon- 
ate such as Na 2 0O3 and K 2 C0 3 , an aqueous ammonia 



solution (NH4OH), etc. may be used. 
[0037] The catalyst for hydrogenation according to 
the present invention can be prepared by converting the 
precursor of a metal oxide type carrier to a metal oxide 

5 type carrier. For example, when the precursor of a metal 
oxide type carrier is a hydroxide containing cerium, it is 
heated at high temperature (such as around 300-600 
°C) whereby a metal oxide type carrier containing 
cerium is prepared. As a result of heating at high tem- 

10 perature. hydroxide of palladium is converted to an 
oxide. When the palladium oxide is reduced (such as by 
reducing with hydrogen), it can be converted to palla- 
dium metal. 

[0038] When the carried amount of palladium in the 
15 coprecipitated Pd/0eO 2 type catalyst in terms of Pd to 
the sum of palladium and metal oxide type earner is 
made, for example. 1-30% by weight, preferably 10-30% 
by weight or, more preferably, 10-20% by weight, it is 
now possible to enhance the activity as a catalyst for 
20 hydrogenation of carbon monoxide and/or carbon diox- 
ide. 

[0039] In the coprecipitated Pd/Ce0 2 type catalyst, 
there is no decrease in the specific surface area by an 
increase in the carried amount of palladium when the 

25 carried amount of palladium is within a range of not 
more than 30% by weight and, therefore, activity of the 
catalyst can be enhanced by increasing the carried 
amount of palladium. However, palladium is expensive 
and, accordingly, the carried amount of palladium is 

30 usually made 20% by weight or less whereby an eco- 
nomically advantageous catalyst is prepared. 
[0040] The coprecipitated Pd/0eO 2 type catalyst is 
suitable as a catalyst for the synthesis of methanol since 
its activity (particularly, the activity at low temperature) 

35 as a hydrogenating catalyst is high and its selectivity to 
methanol is high as well. By the coprecipitation method, 
it is possible to improve the dispersibility of palladium (to 
be more specific, to make the particle size of palladium 
5 nm or less, rather 4 nm or less or, particularly, 3 nm or 

40 less) and to make the specific surface large. Accord- 
ingly, the coprecipitated Pd/0eO 2 type catalyst exhibits 
a high activity as a catalyst for hydrogenation. 
[0041] When the carried amount of palladium is 
increased in the case of an impregnation method which 

45 has been commonly used, large amount of palladium is 
carried as blocks at the easily sticking part on the sur- 
face of the carrier and, therefore, dispersibility of palla- 
dium is deteriorated. In a coprecipitation method, 
palladium can be carried together with the precipitation 

50 (coprecipitation) as a hydroxide, etc. during the course 
of precipitation of a precursor of the metal oxide type 
carrier (such as hydroxide). Therefore, in the coprecipi- 
tated Pd/Ce0 2 type catalyst, the metal oxide type car- 
rier and palladium are tightly bonded and. in addition, 

55 dispersibility of palladium is high. 
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(3) Separated Pd/Ce0 2 type catalyst. 

[0042] The catalyst for hydrogenation according to 
the present invention includes a Pd/Ce0 2 type catalyst 
(separated Pd/Ce0 2 type catalyst) or, preferably, a s 
highly dispersible Pd/Ce0 2 type catalyst manufactured 
by a method (a separation method) where palladium is 
separated as a hydroxide in a metal oxide type carrier 
containing a cerium type oxide. 
[0043] For example, when pH of a solution (starting 
solution) of a palladium compound wherein a metal 
oxide type carrier containing a cerium type oxide is dis- 
persed is adjusted or, usually, adjusted to a higher side, 
palladium can be separated as a hydroxide. 
[0044] With regard to a palladium compound, it is 
possible to use electrolytes such as acetate, nitrate, sul- 
fate or chloride of palladium or, particularly, a water-sol- 
uble palladium compound. With regard to a solvent for 
the starting solution, water may be used for example 
and, for dissolving the palladium compound, an acidic 
aqueous solution such as hydrochloric acid, sulfuric 
acid or nitric acid may be used as well. 
[0045] The pH of the starting solution may be 
adjusted by. for example, mixing the starting solution 
with an alkaline solution. The starting solution and the 
alkaline solution may be mixed, for example, by adding 
the alkaline solution to the starting solution or by adding 
the starting solution to the alkaline solution which is 
diluted with a solvent 

[0046] With regard to the alkaline solution, an aque- 
ous solution of alkaline metal hydroxide such as NaOH 
and KOH, an aqueous solution of alkaline metal carbon- 
ate such as Na 2 C0 3 and K 2 C0 3 , an aqueous ammonia 
solution (NH4OH), etc. may be used. When palladium 
hydroxide is heated at high temperature (such as 
around 300-600 °C), it can be converted to an oxide and 
the palladium oxide can be converted to palladium 
metal by reduction (for example, reduction with hydro- 
gen). 

[0047] When the carried amount of palladium in the 
separated Pd/Ceo 2 type catalyst in terms of Pd to the 
sum of palladium and metal oxide type carrier is made, 
for example, 1-30% by weight, preferably 1-20% by 
weight or, more preferably, 1-10% by weight, it is now 
possible to enhance the activity as a catalyst for hydro- 
genation of carbon monoxide and/or carbon dioxide. 
[0048] In the separated Pd/Ce0 2 type catalyst, the 
less the carried amount of palladium, the more the dis- 
pensability of palladium whereby the catalytic activity of 
palladium per carried amount can be enhanced. How- 
ever, when the carried amount of palladium is too small 
such as less than 1% by weight, the total amount of pal- 
ladium is insufficient and there may be a case where a 
sufficient activity is not achieved. 
[0049] The separated Pd/Ce0 2 type catalyst is suit- 
able as a catalyst for the synthesis of methanol since its 
activity (particularly, the activity at low temperature) as a 
hydrogenating catalyst is high and its selectivity to 



methanol is high as well. By the separation method, pal- 
ladium is carried by separating on a metal oxide type 
carrier as a hydroxide and, therefore, it is possible to 
improve the dispersibility of palladium (to be more spe- 
cific, to make the particle size of palladium 5 nm or less, 
rather 4 nm or less or, particularly, 3 nm or less) and to 
make the specific surface large whereby a separated 
Pd/Ce0 2 type catalyst having a high activity as a cata- 
lyst for hydrogenation can be prepared. 
[0050] In a separated Pd/Ce0 2 type catalyst, palla- 
dium is carried on a metal oxide type carrier as a 
hydroxide and, therefore, it is possible to enhance the 
dispersibility of palladium. As a result thereof, a catalytic 
activity of palladium per carried amount can be 
enhanced and, even when the carried amount of palla- 
dium is small, its activity as a hydrogenating catalyst is 
high. 

Mode of Usq of Catalyst for Hydrogenation 

[0051 ] When the catalyst for hydrogenation accord- 
ing to the present invention is subjected to a reduction 
with hydrogen prior to use, hydrogenation of carbon 
monoxide and/or carbon dioxide can be carried out effi- 
ciently. As a result of the reduction with hydrogen, palla- 
dium which is carried as a palladium compound such as 
palladium oxide or palladium hydroxide can be made 
into palladium metal. 

[0052] There is no particular limitation for the shape 
of the catalyst for hydrogenation according to the 
present invention and the catalyst may be used in a 
form of. for example, powder, granules, fine leaves, pel- 
lets, honeycombs, etc. 

[0053] The catalyst for hydrogenation according to 
the present invention may be used as a molded catalyst 
prepared by mixing with known binders which do not 
affect the reaction such as silica gel followed by molding 
according to common methods. As a result of use of 
such a molded catalyst, diffusion of the reaction materi- 
als can be promoted and, at the same time, its activity 
as a catalyst can be appropriately controlled. 

Method for Synthesis of Methanol (Hyp'rpgena.tiQn 
Method) 

[0054] When carbon monoxide and/or carbon diox- 
ide are/is made to react with hydrogen in the presence 
of the catalyst for hydrogenation according to the 
present invention, the carbon monoxide and/or carbon 
dioxide can be hydrogenated whereby methanol can be 
synthesized. 

[0055] Reaction of carbon monoxide and/or carbon 
dioxide can be carried out in a gas phase and, usually, 
the reaction is carried out by means of a gas phase flow 
system. To be more specific, a mixed gas (synthetic 
gas) of carbon monoxide and/or carbon dioxide with 
hydrogen is contacted with the catalyst for hydrogena- 
tion of the present invention whereby the carbon mon- 
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oxide and/or carbon dioxide can be made to react with 
hydrogen. 

[0056] With regard to the mixed gas, any of a mixed 
gas of carbon monoxide and hydrogen, a mixed gas of 
carbon dioxide and hydrogen, and a mixed gas of car- 
bon monoxide, carbon dioxide and hydrogen may be 
used. Although the composition of the mixed gas is not 
particularly limited, that is usually to be decided by tak- 
ing the stoichiometric relation of the reaction into con- 
sideration. 

[0057] For example, in the case of a mixed gas of 
carbon monoxide and hydrogen, the mixed gas wherein 
the molar ratio of carbon monoxide to hydrogen is 1 :2 is 
to be used in view of the stoichiometric relation of the 
synthetic reaction of methanol and, usually, it is made 
1:1-3 (preferably, 1.5-2.5). 

[0058] For example, in the case of a mixed gas of 
carbon dioxide and hydrogen, the mixed gas wherein 
the molar ratio of carbon dioxide to hydrogen is 1 :3 is to 
be used in view of the stoichiometric relation of the syn- 
thetic reaction of methanol and, usually, it is made 
1:2-4 (preferably, 2.5-3.5). 

[0059] For example, in the case of a mixed gas of 
carbon monoxide, carbon dioxide and hydrogen, the 
mixed gas wherein the molar ratio of the sum of carbon 
monoxide and carbon dioxide to hydrogen is 1 :2-3 is to 
be used depending upon the molar ratio of carbon mon- 
oxide to carbon dioxide in view of the stoichiometric 
relation of the synthetic reaction of methanol and, usu- 
ally, it is made 1:1-4 (preferably, 1.5-3.5). 
[0060] Inert gas such as nitrogen may be present in 
the mixed gas but, when gas which is other than carbon 
monoxide, carbon dioxide and hydrogen is present, loss 
of energy is resulted when the pressure of the mixed 
gas is raised to a reaction pressure and, therefore, that 
is not preferred usually. 

[0061 ] The reaction pressure may be made usually 
around 10-100 atmospheres and, preferably, around 20- 
50 atmospheres. When the reaction pressure is too low, 
chemical equilibrium and reaction rate are affected and 
the yield of methanol tends to decrease. 
[0062] The reaction temperature may be made usu- 
ally around 150-300 °C and, preferably, around 180-250 
°C. When the reaction temperature is too low, the cata- 
lytic activity (reaction rate) lowers and the yield of meth- 
anol tends to decrease. When the reaction temperature 
is too high, it is necessary to increase the reaction pres- 
sure due to a restriction of chemical equilibrium. 
[0063] The supplying amount of a mixed gas when 
the reaction is carried out by a gas phase flow method 
may be appropriately selected depending upon size and 
shape of reactor, reaction temperature, reaction pres- 
sure, etc. and. usually, it may be made around 
500-5,000 ml/hour or, preferably, around 2.000-4,000 
ml/hour per gram of the catalyst. 
[0064] As compared with the known catalysts, the 
catalyst for hydrogenation according to the present 
invention has a high catalytic activity, shows a good cat- 



alytic activity even at low temperature and exhibits a 
high selectivity to methanol and, therefore, it is useful as 
a catalyst for the synthesis of methanol. In accordance 
with the method of the present invention for the syrtthe- 
5 sis of methanol, it is now possible to synthesize metha- 
nol from carbon monoxide and/or carbon dioxide under 
a low reaction pressure. 

[0065] As hereunder, manufacturing examples for 
the catalyst and examples are described so that the 
w characteristic feature of the present invention will be 
made far dearer. 

Example 1. 

is Manufacture of the Catalyst for Hvdropenation (Copre- 
gpilatipn Method) 

[0066] To 700 ml of distilled water was added 1 ml 
of 10N hydrochloric acid and, after that, 1 .25 g of palla- 

20 dium chloride (PdCI 2 ) and 10.72 g of cerium nitrate 
(Ce(N0 3 ) 4 .6H 2 0) were dissolved therein to prepare a 
starting solution. In the meanwhile, a 1N aqueous solu- 
tion of sodium carbonate (Na 2 C0 3 ) was prepared which 
is to be used as an alkaline solution (precipitating rea- 

25 gent). 

The precipitating reagent (the above-prepared alkaline 
solution) was added to the above starting solution with 
stirring so that a coprecipitate was produced. When the 
starting solution was poured into the diluted alkaline 

30 solution, the same coprecipitate was able to be pro- 
duced as well. A dispersion of the coprecipitate pro- 
duced as such was stirred for one hour so that the 
reaction was ripened and, after that, the coprecipitate 
was recovered, well washed with water, dried and 

35 heated in air at 500 °C for five hours. 

[0067] In the resulting catalyst, palladium was 
highly dispersed in and carried on cerium oxide (Ce0 3 ) 
and the amount of palladium (Pd) carried thereon was 
15% by weight. Particle size of palladium estimated 

40 from an X-ray diffraction pattern of the catalyst reduced 
with hydrogen at 300 °C was 4 nm or less. 

Manufacture Qf Methanol 

45 [0068] The catalyst obtained in the above copreap- 
rtation method was charged in a fixed-bed flow reactor, 
heated together with introduction of hydrogen thereinto 
(reduction of the catalyst with hydrogen) and a reaction 
gas consisting of 2 volumes of hydrogen and 1 volume 

so of carbon monoxide was supplied at the pressure of 20 
atmospheres, the temperature of 200 °C and the space 
velocity of 3,600ml/hr/g. The result was that the yield of 
methanol by hydrogenation of carbon monoxide based 
upon carbon atom (C) was 27.4 molar % and the selec- 

ss tivity of methanol was 97.5 molar %. The main by-prod- 
uct was methane. Incidentally, the equilibrium yield of 
methanol under the above reaction condition is 60 
molar %. 
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Comparative Example 1 . 

[0069] Manufacturing test of methanol was carried 
out using a commercially available copper-zinc (CuO- 
ZnO) type catalyst for the synthesis of methanol under 
the same conditions as in Example 1. The result was 
that the yield of methanol by hydrogenation of carbon 
monoxide based upon carbon atom (C) was 1 1 .3 molar 
% and the selectivity of methanol was 100 molar %. 
[0070] When the Comparative Example 1 and 
Example 1 are compared, it is apparent that, when the 
catalyst for hydrogenation according to the present 
invention is used, the yield of methanol is higher than 
the case where the commercially available catalyst for 
the synthesis of methanol is used. 

Comparative Example 2. 

[0071] Manufacturing test of methanol was carried 
out under the same condition as in Example 1 except 
that a Pd/Ce0 2 catalyst (impregnated Pd/Ce0 2 cata- 
lyst) containing 3% by weight of palladium prepared by 
an impregnation method was used and the reaction 
pressure was 30 atmospheres. The result was that the 
yield of methanol by hydrogenation of carbon monoxide 
was 0.9 molar % and the selectivity of methanol was 
98.8 molar %. The main by-product was methane. Inci- 
dentally, the equilibrium yield of methanol under the 
above reaction condition is 70 molar %. 
[0072] When the Example 1 and Comparative 
Example 2 are compared, it is apparent that when the 
catalyst for hydrogenation according to the present 
invention is used, the yield of methanol is higher than 
the case where the impregnated Pd/Ce0 2 catalyst is 
used irrespective of under the condition where the equi- 
librium yield is low (low pressure). 

Example 2. 

Manufacture of Catalyst for Hvdrooenation (Separation 
Method) 

[0073] After dissolving 0.26 g of palladium chloride 
(PdCy in 300 ml °* distilled water, 5 g of cerium oxide 
(Ce0 2 ) was mixed therewith to prepare a starting solu- 
tion. The starting solution was mixed with a 1N sodium 
carbonate solution (alkaline solution) as a precipitating 
reagent to form a precipitate. After that, stirring for 
maturing, washing with water and drying processes 
were carried out and burning was conducted at 500 °C 
for five hours. The amount of palladium carried on the 
resulting Pd/Ce0 2 catalyst was 3% by weight. Particle 
size of palladium estimated from the X-ray diffraction 
pattern of the catalyst reduced with hydrogen at 300 °C 
was 3 nm or less. 



Manufacture of Methanol 

[0074] The catalyst obtained in the above separa- 
tion method was charged in a fixed-bed flow reactor, 

5 heated together with introduction of hydrogen thereinto 
(reduction of the catalyst with hydrogen) and a reaction 
gas consisting of 3 volumes of hydrogen and 1 volume 
of carbon dioxide was supplied at the pressure of 20 
atmospheres, the temperature of 250 °C and the space 

10 velocity of 3,600ml/hr/g. The result was that the yield of 
methanol by hydrogenation of carbon dioxide was 10.0 
molar % and the selectivity of methanol was 60.8 molar 
%. The main by-product was monoxide. Incidentally, the 
equilibrium yield of methanol under the above reaction 

is condition is 12 molar %. 

Example 3. 

Manufacture of Catalyst for Hvdro oenation (Cooreripi- 
20 tation Method) 

[0075] After adding 1 ml of a 1 0N hydrochloric acid 
solution to 700 ml of distilled water, 1 .25 g of palladium 
chloride (PdCy as a palladium compound, 10.46 g of 

25 cerium nitrate (Ce(N0 3 ) 4 .6H 2 0) as a cerium compound 
and 0.72 g of ferric nitrate (Fe(N03) 3 .9H 2 0) as an iron 
compound were dissolved therein to prepare a starting 
solution. In the meanwhile, a 1N aqueous solution of 
sodium carbonate (Na 2 C0 3 ) to be used as a precipitat- 

30 ing reagent (alkaline solution) was prepared. 

[0076] The precipitating reagent was added to the 
starting solution with stirring to form a coprecipitate. It is 
also possible to give the same coprecipitate by pouring 
the starting solution into a diluted alkaline solution. A 

35 dispersion of the coprecipitate prepared as such was 
stirred for one hour and the coprecipitate was recov- 
ered, well washed with water, dried and burned in air at 
500 °C for five hours. 

[0077] In the resulting catalyst, palladium was 
40 highly dispersed in and carried on a mixture of cerium 
oxide and ferrous oxide and the amount of palladium 
(Pd) carried thereon was 15% by weight. Particle size of 
palladium estimated from an X-ray diffraction pattern of 
the catalyst reduced with hydrogen at 300 °C was 4 nm 
45 or less. 

Manufacture of Methanol 

[0078] The catalyst obtained in the above coprecip- 
50 itation method was charged in a fixed-bed flow reactor, 
heated together with introduction of hydrogen thereinto 
(reduction of the catalyst with hydrogen) and a reaction 
gas consisting of 1 volume of hydrogen and 1 volume of 
carbon monoxide was supplied at the pressure of 20 
55 atmospheres, the temperature of 200 °C and the space 
velocity of 3.600ml/hr/g. The result was that the yield of 
methanol by hydrogenation of carbon monoxide based 
upon carbon atom (C) was 16.6 molar % and the selec- 
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tivity of methanol was 97.8 molar %. The main by-prod- 
uct was methane. 

Claims 

1. A catalyst for hydrogenation of carbon monoxide 
and/or carbon dioxide where palladium is carried on 
a metal oxide type carrier including cerium type 
oxide in which the particle size of palladium is 5 nm 
or less. 

2. A catalyst for hydrogenation of carbon monoxide 
and/or carbon dioxide where palladium is carried on 
a metal oxide type carrier including cerium type 
oxide in which the said catalyst is obtained from a 
copreciprtate of a precursor of the said metal oxide 
type carrier and palladium. 

3. The catalyst for hydrogenation according to claim 2, 
wherein the precursor of the metal oxide type car- 
rier is a hydroxide including cerium. 

4. A catalyst for hydrogenation of carbon monoxide 
and/or carbon dioxide where palladium is carried on 
a metal oxide type carrier including cerium type 
oxide in which the said catalyst is obtained by sep- 
aration of hydroxide of palladium in the said metal 
oxide type carrier. 

5. The catalyst for hydrogenation according to claim 4, 
wherein the palladium is separated as a hydroxide 
by mixing a solution of a palladium compound in 
which the metal oxide type carrier is dispersed wfth 
an alkaline solution. 

6. A catalyst for hydrogenation of carbon monoxide 
and/or carbon dioxide in which hydroxide of palla- 
dium is converted to oxide by heating the catalyst 
mentioned in claim 4 or 5. 

7. A catalyst for hydrogenation of carbon monoxide 
and/or carbon dioxide in which the catalyst men- 
tioned in claim 6 is reduced so that oxide of palla- 
dium is converted to palladium metal. 

8. A catalyst for the synthesis of methanol from car- 
bon monoxide and/or carbon dioxide consisting of 
the catalyst for hydrogenation mentioned in any of 
claims 1-7. 

9. A method for the synthesis of methanol, character- 
ized in that carbon monoxide and/or carbon dioxide 
are/is hydrogenated in the presence of the catalyst 
for hydrogenation mentioned in any of claims 1-7. 

10. A method for the hydrogenation of carbon monox- 
ide and/or carbon dioxide, characterized in that, 
carbon monoxide and/or carbon dioxide are/is 



14 

made to react with hydrogen in the presence of the 
catalyst for hydrogenation mentioned in any of 
claims 1-7. 

5 11. The method for the hydrogenation according to 
claim 10, wherein carbon monoxide and/or carbon 
dioxide are/is made to react with hydrogen in a gas 
phase. 

w 12. The method for the hydrogenation according to 
claim 11, wherein the reaction pressure is 10-100 
atmospheres. 

1 3. The method for the hydrogenation according to any 
15 of claims 10-12, wherein the reaction temperature 
is 150-300 °C. 
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